Introduction
Obesity is an increasing public health problem. It represents a common nutrition disease affecting the majority of adults in developed countries 1 . In fact, Obesity is a major risk factor for important diseases including hypertension, diabetes, degenerative arthritis and myocardial infarction as well as psychological factors that include anger, anxiety and depression 2 . This epidemic is mainly due to an imbalance in the lipid metabolism 3 . In human, the hydrolysis of dietary TAG begins in the stomach and is catalyzed by human gastric lipase HGL 4 . The partial hydrolysis of TAG usually prevailing in the stomach rapidly triggers pancreatic lipase activity in the intestine 5 . Conventional treatments for obesity have focused largely on strategies designed to control energy intake, however, the long term efficacy of such approaches is limited or has not yet been proved 6 .
related to diverse phenolic compounds present in pomegranate fruit including punicalagin isomers, ellagic acid derivatives, tannins and anthocyanins. Few studies investigated the chemical composition and the inhibitory effect of Punicagranatum peel on lipase despite the richness of this fruit on bioactive molecules. Therefore, the aim of this work were to determine, for the first time, the composition of pomegranate peel essential oil, the antioxidant effects and the inhibition properties on porcine pancreatic lipase by different solvent extracts.
Materials and Methods

Chemicals
1,1-Diphenyl-2-picrylhydrazyl DPPH , butylatedhydroxytoluene BHT , α-tocopherol, β-carotene, linoleic acid, potassium ferrycianide, ferric chloride and trichloro acetic acid TCA were purchased from Sigma Chemical Co. St. Louis, MO, USA . All other chemicals, namely hydrogen peroxide, l-ascorbic acid, sodium hydroxide, FolinCiocalteu reagent mixture of phosphomolybdate and phosphotungstate, Sigma , sodium carbonate, Tween 40 and other solvents, were of analytical grade. All solutions were freshly prepared in distilled water.
Enzymes
Porcine pancreatic lipase PPL was purified as previously described by Verger et al. 17 .
Plant material
The pomegranate was collected from Sfax Tunisia on October 2010. The peel were separated from seed and then dried to obtain P. granatum fine powder PP . The fine powder was stored in glass bottles at 20 .
Characterization of pomegranate peel powder 2.4.1 Essential oil extraction
The dried powder of PP was submitted to hydrodistillation for 4 h, using a Clevenger-type apparatus. The obtained distillate 100 ml was extracted with 100 ml of nhexane and dried over anhydrous sodium sulfate. For the determination of the procedure yield, the solvent was evaporated using a rotatory vacum evaporator. The resulting essential oil was stored at 20 until analysis.
Preparation of pomegranate peel extracts
The compounds of the dried powder of PP 20 g were extracted by maceration by adding solvents with increasing polarity: hexane, ethyl acetate, acetone, ethanol, methanol and water. The powder was first extracted by stirring with 250 ml of hexane at 37 for 24 h. The extract was filtered through Whatman filter paper. The filtrate was evaporated to dryness under reduced pressure in a rotatory vacuum evaporator. The remaining residues were successively extracted with ethyl acetate, acetone, methanol, ethanol and water under the same conditions. The extracts, from each solvent, were concentrated by rotatory evaporator and the water extract was freeze-dried. The dried sample of each extract was weighed.
LC-MS/MS analysis
LC-MS/MS analysis of the PP ethanol extract was carried out using an Agilent 1100 LC system consisting of degasser, binary pump, auto sampler, and column heater. The column outlet was coupled to an Agilent MSD Ion Trap XCT mass spectrometer equipped with an ESI ion source. Data acquisition and mass spectrometric evaluation were carried outvith a personal computerrunninig with Data Analysis software Chemstations . For the chromatographic separation, a Zorbax 300 Å Extend-C-18 Column 2.1 150 mm was used. The column was held at 95 solvent A 0.1 formic acid in water and 5 solvent B 0.1 formic acid in acetonitrile for 1 min, followed by an 11 min step gradient from 5 B to 100 B, then it was kept for 4 min with 100 B, finally, the elution was achieved with a linear gradient from 100 B to 5 B for 2 min. The flow rate was 200 μl/min and the injection volume was 5 μl. The following parameters were used throughout all MS experiments: for electrospray ionization with positive ion polarity the capillary voltage was set to 3.5 kV, the drying temperature to 350 , the nebulizer pressure to 40 psi, and the drying gas flow to 10 l/min. The maximum accumulation time was 50 ms, the scan speed was 26,000 m/z/s and the fragmentation time was 30 ms. The phenolic compounds were identified using a combination of high performance liquid chromatography HPLC with diode array detection and liquid chromatography with atmospheric pressure chemical ionization mass spectrometry ESI-LC/MS/MS on the basis of their ultraviolet UV spectra and mass spectra.
GC/MS analysis
The essential oil analysis was performed using simultaneously gas chromatography GC for quantification and gas chromatography-mass spectrometry GC-MS systems for identification. GC analysis was performed using a SHI-MADZU gas chromatograph with a flame ionization detector FID . The analysis was carried out using a capillary DB-1 column 30 m 0.32 mm; film thickness 0.25 μm . The injector and detector temperatures were kept at 230 and 250 , respectively. The GC-MS was performed using an Agilent 5975B mass spectrometer coupled to an Agilent 6890N gas chromatograph equipped with DB-5MS column 30 m 0.25 mm, film thickness 0.25 μm; Agilent Technologies, J&W Scientific Products, USA . An aliquot of 1 μl essential oil were injected, splitless, into the GC/MS. The flow rate of the carrier gas helium was 1 ml/min. The GC oven temperature started at 100 and was held at 260 at a rate of 4 / min, with the lower and upper temperatures being held for 3 and 10 min, respectively. The injector and detector temperatures were set at 250 and 230 , respectively. The mass range was scanned from 50 to 550 m/z. The control of the GC/MS system and the data peak processing were carried out by means of the MSDCHEM software. The identification of the essential oil constituents was based on a comparison of their retention times, to MS corresponding database Wiley and NIST library and with mass spectral literature.
Total phenolic content
The total phenolic content of various extracts was determined by the Folin-Ciocalteu method 18 . A 0.5 ml aliquot of extract solution was mixed with 0.5 ml of Folin-Ciocalteu s reagent. After, the mixture was shaken for 5 min. 0.5 ml of 20 sodium carbonate solution Na 2 CO 3 was added and the mixture was shaken once again for 1 min. Finally, the solution was brought up to 5 ml by adding distilled water.
The control reaction contained all reagents except the extract. The reaction mixture was then incubated in the dark at 25 for 90 min, and the absorbance of the resulting color was measured at 760 nm against a distilled water/ sodium carbonate blank. Gallic acid was used as standard for the calibration curve. The total phenol content was expressed as mg gallic acid equivalents GAE per gram extract. Values presented are the average of three measurements.
2.8 Antioxidant activity 2.8.1 Determination of DPPH radical-scavenging activity DPPH radical-scavenging activity of various pomegranate bark extracts was measured using the stable DPPH as reagent according the method described by Kirby et al. 19 .
A volume of 500 μl of each extract at different concentrations 25 to 400 μg/ml was added to 375 μl of ethanol and 125 μl of DPPH solution 0.2 mM in ethanol as free radical source. Absorbance measurements were read at 517 nm after 60 min of incubation time at room temperature and in the dark. Absorbance of a blank sample containing the same amount of ethanol and DPPH solution without the sample acted as the negative control. BHT was used as positive control. Scavenging activity was measured by monitoring the decrease in absorbance at 517 nm. Lower absorbance of the reaction mixtures indicated higher free radical-scavenging activity. DPPH radical-scavenging activity was calculated according to the following formula:
Where A control is the absorbance of the control reaction containing all reagents except the sample , and A sample is the absorbance of the PP extract. The IC 50 value was defined as the amount of antioxidant necessary to inhibit DPPH radical formation by 50 . Test was carried out in triplicate. 2.8.2 Determination of antioxidant activity using β-carotene/linoleic acid assay The antioxidant assay using the β-carotene bleaching was determined according to the protocol previously described by Ben Hsouna et al. 20 . A stock solution of β-carotene/linoleic acid was prepared by dissolving 0.5 mg of β-carotene, 25 μl of linoleic acid and 200 μl of Tween 40 in 1 ml of chloroform. The chloroform was completely evaporated under vacum using a rotary evaporator at 40 . Then, 100 ml of distilled water was added and the resulting mixture was vigorously stirred. The emulsion obtained was freshly prepared before each experiment. About 2.5 ml of the obtained emulsion was transferred into different tubes containing 0.5 ml of different extract concentrations dissolved in ethanol at different final concentrations. The tubes were immediately incubated at 50 for 120 min and the absorbance was measured at 470 nm before and after heat treatment.BHT was used as positive standard. The control tube contained no sample. Tests were carried out in triplicate.
Ferring reducing power
The ability of different extract and fractions to reduce iron III was determined by the method of Yildirim et al. 21 .
A 500 μl of each sample at different concentrations was dissolved in ethanol and then mixed with 1.25 ml of 0.2M phosphate buffer pH 6.6 and 1.25 ml of 1 potassium ferracyanide. The mixture was incubated 30 min at 50 . After incubation, 1.25 ml of 10 w/v trichloroacetic acid was added and the mixture was then centrifuged for 10 min at 3000 g. Finally, 1.25 ml of the supernatant from each sample solution was mixed with 1.25 ml of distilled water and 250 μl of 1 g/l ferric chloride. After 10min, the absorbance was measured at 700 nm. Higher absorbance of the reaction mixture indicated increased reducing power. The values are presented as the means of triplicate analysis.
Measurement of pancreatic lipase activity
The lipase activity was measured on emulsions of TAG using a pH-stat Metrohm Tittrator at 37 as previously described 22, 23 . For PPL, the reaction medium contained 10 ml of olive oil emulsion 10 ml olive oil and 90 ml of arabic gum in 20 ml distilled water, 4 mM sodium taurodeoxycholate NaTDC . Pure colipase was added in the assay medium at a molar excess of 100 to PPL. The lipase activity was determined by titration of the fatty acids released using NaOH 0.1 N . One lipase unit IU was defined as 1 μmol of free fatty acid per minute. 2.9.1 Measurement of inhibitory effects of pomegranate peel extracts on lipase Three methods were used to determine the inhibitory effect of various extracts depending upon the order of addition of lipase, substrate and inhibitor.
Method A: Lipase-inhibitor preincubation. This method was used to test the possible reaction between lipase and inhibitor in the absence of substrate. The reaction medium contained 20 μl of enzyme and 100 μl of pomegranate peel extract in the absence of 4 mM NaTDC.
Method B: In this case, the inhibitor was added during lipolysis. This method was designed to test the possible inactivation reaction in the presence of substrate.
Method C or A : The experimental conditions were run as in method A with the addition of NaTDC at 4 mM final concentration to create a micellar solution containing the inhibitory molecules.
Statistical analysis
Experimental results were given as mean value SD of three separate experiments. Statistical analysis was conducted using Microsoft Excel software. Differences at p 0.05, using student s t-test, were considered to be significant.
3 Results and Discussion 3.1 Chemical composition of P. granatum peel extract PP ethanol extract was analyzed by LC-MS/MS using ESI in the negative ion mode, and 5 components were identified Fig. 1 . Table 1 shows the retention times, UV λ max , the mode or-as well as the base peak MS and fragment ion MS 24 . The peak2 represents an m/z of which didn t match with known compounds described in the literature.
Chemical composition of essential oil
The yield of PP essential oil obtained by hydrodistillation of dry material was 0.20 w/w . The obtained oil exhibited light pale yellow color. In this study, a total of nineteen compounds were established. The identified components and their relative percentages are listed in were found to be the main components identified in this oil. Many studies demonstrated that borneol has an anti-inflammatory and antioxidant effect on cortical neurons against oxygen glucose deprivation 25 . As we said that it is the first time to determine the composition of essential oil extracted from bark pomegranate, there are no reports that we can compare our results. In contrast, the essential oil of Punicagranatum seeds contained the punicinic acid and the γ-tocopherol as the most abundant substances 26 .
Yield extraction and total phenolic contents
The PP components were fractionated by extraction with various solvents of increasing polarities: hexane, ethyl acetate, acetone, ethanol, methanol and water. The yield of extractable components relative to the weight of dried plant material ranged from 1.4 hexane extraction to 20 ethanol extraction Table 3 . It is well known that phenolic compounds contribute directly to the biological activities of plant materials 26 . Therefore, the total phenolic content of the five extracts were determined. As shown in Table 3 , the highest level of total phenolic content was found in the methanol, ethanol and water extract 290.10, 211.14 and 175.10 mg of GAE/g dried extract, respectively followed by acetone, hexane and ethyl acetate extracts. This result is in agreement with the report of Hayouni et al. 28 in which the phenolic content was strongly dependent on the solvent: Polar fractions had more phenolic compounds than non-polar ones. Also, this result was similar with those obtained by Singh et al. 2002 who demonstrated that methanol gave maximum antioxidant yield 45 . The flavonoids content in the different extracts ranged from 5.2 to 20.43 mg catechin/g extract. The result in Table 3 show 29 who demonstrated that flavonoids content increases with solvent polarities.
Antioxidant activity 3.4.1 DPPH radical scavenging activity
The antioxidant activity of plant extracts containing polyphenol compounds is due to their hydrogen-donating ability and to capture the free radicals 30 . DPPH is a free radical compound and has been widely used to test the ability of various plant extracts to scavenge free radicals generated from DPPH reagent. DPPH is a stable free radical that absorb at 517 nm and is reduced by antioxidants 31 . As can be seen in Fig. 2A , the scavenging activity of all samples was concentrationdependent. The results showed that methanol and ethanol extracts possessed significant p 0.05 stronger radical scavenging activity IC 50 18.81 2.13 μg/mland 19.5 3.21 μg/ml, respectively compared to acetone, and water extracts IC 50 29.09 3.45 μg/ml and 31.2 5.4 μg/ml, respectively Fig. 2A . The obtained lower IC 50 values indicate the higher free radical-scavenging ability. The results indicated clearly that ethanol and methanol extracts show high antioxidant activities which reach 80 and 83 , respectively, at a final concentration of 100 μg/ml. At the same concentration, 79.6 of radical-scavenging activity was observed with the BHT used as standard antioxidant. It has been reported that free radical-scavenging activity is influenced by the phenolic composition of the samples 32 3.4.2 β-carotene bleaching by linoleic acid assay The potential of PP extracts to inhibit lipid peroxidation was evaluated using the β-carotene/linoleic acid bleaching test which is based on the decrease of the orange color of β-carotene due to its reaction with radicals formed by linoleic acid oxidation in an emulsion. The antioxidant activity of pomegranate peel extracts as measured by β-carotene bleaching is presented in Fig. 2B . This figure showed that ethanol and methanol extracts of PP showed high ability to prevent the bleaching of β-carotene. The antioxidant activity increased with increasing extract concentration. The IC 50 measured for extracts Table 4 show a significant differences p 0.05 . 
Reducing power
The reducing power assay is used to evaluate the ability of antioxidant to donate electron or hydrogen 34 . Different studies have reported that there is a direct correlation between antioxidant activities and the reducing power of some bioactive compounds. A higher absorbance indicates a higher antioxidative activity. In this study, the ability of PP extracts to reduce Fe 3 to Fe 2 was determined. As can be seen in Fig. 2C , the reducing capacity of ethanol and methanol PP extracts and BHT increased with increasing concentration. The reducing powers of ethanol, methanol, water, and acetone extracts, at a concentration of 200 μg/ ml, were 2.51 0.05, 2.7 0.07, 2.1 0.04 and 1.63 0.07 respectively, while the reducing powers of BHT was 3.12 μg/ml Fig. 2C . The reductive potential may be related to the richness of these extracts on phenolic compounds which possess potent hydrogen donating abilities.
3.5 Effect of pomegranate peel extracts on lipase activities 3.5.1 Evaluation of the inhibitory effect using method A The inhibitory effects of extracts were evaluated against PPL using Method A as previously described. Figure 3A showed that acetone extract has no inhibitory effect against the enzyme, fifty percent of residual activity was observed after 30 min of incubation at a concentration of 1 mg/ml with water extract. Ethanol and methanol extracts IC 50 values on DPPH were calculated from the plot of the scavenging effect against the extracts concentrations. Effects of BHT used as standard, were measured in the same conditions. All experiments were performed in triplicate standard deviation.
Fig. 2C
Antioxidant capacities of PP extracts, using ferric reducing power method. EE: Ethanol extract, ME:
Methanol extract, AE: Acetone extract and WE:
water extract. BHT was used as positive control.Data represent the mean (±SE) of three independent experiments. (p< 0.05).
significantly inhibited lipase activity after 30 min of incubation p ≤ 0.05 Fig. 3A . In the current study, these two extracts contained similar level of phenolic and difference between flavonoids contents. These results suggest that the effect of ethanol and methanol pomegranate peel extracts on lipase may be caused by a synergetic action of several compounds within the extract rather than by a single compound. Several studies demonstrated that the effect of grape seed extract on lipoprotein lipase might be caused by a synergistic action of several compounds within the extract 35 .
3.5.2 Evaluation of the inhibitory effect using method B This method is used to estimate the potency of inhibition during the substrate hydrolysis. The PPL was added to the reaction mixture in the first time, then after few minutes, we put the inhibitor. Residual activity was then evaluated using olive oil as substrate Fig. 3B .
As shown in Table 5 , the IC 50 of ethanol and methanol extract was 5.2 1.2, 5.85 1.38 mg respectively, however in the case of acetone and methanol extracts, the IC 50 was 8.1 0.12, 8.8 1.10 mg respectively. This result showed that an important concentration of extracts is needed to inhibit the pancreatic lipase Table 5 . To mimic the in vivo conditions, the water, methanol and ethanol extracts were incubated with PPL and with a supramicellar concentration 4 mM of bile salts NaTDC . Our results show that, as compared to the assay without NaTDC, a similar inhibition profile was obtained on the presence of 4 mM of NaTDC data not shown . This result could be explained by the fact of the richness of the extracts on bioactive molecules which act in synergy or the molecule responsible for the inhibition is polar and can not each the interface when the enzyme is adsorbed. This case was observed in the case of the tetrahydrolipstatin THL . The increase in the inhibitory efficacy of THL by bile salts over their critical micellar concentration CMC was reported in the case of pancreatic lipases in human 36 as well for HGL 7 and lipoprotein lipase 37 . As it was reported, there is a difference in the association of the enzyme to the surface. Some compounds, such as THL and diethyl-p-nitro phenyl phosphate E600 , 38 . In this latter case 39 , showed that E600 present in mixed micelles of bile salts irreversibly inactivates porcine pancreatic lipase, whereas aqueous solution of this organo-phosphorous compound does not. Similar effects were reported by Desnuelle et al. 40 in presence or in absence of emulsified E600 with gum Arabic. It appears thus that the availability and/or the organization of these inhibitors at an interface is one of the most decisive factors on which their efficacy depends. According to Lei et al. 41 while using epsilon-polylysine as lipase inhibitor, it was suggested that the inhibition requires bile salts and appears to be associated with the formation of a surface-active epsilon -polylysine-bile salt complex occupying the interface and, consequently, nonspecifically blocks lipase adsorption.
The LC/MS analysis showed that the ethanol extract was very rich with antioxidant components essentially gallic acid and ellagic acid suggesting the possible effect of these compounds on the inhibition of PPL. In fact, our results were similar to those published by Lei et al. 41 whose demonstrated dual antiobesity effects of the pomegranate extract: 1 an inhibition of lipase activity and 2 the suppression of energy intake. It has been reported that the effect of the pomegranate extract on energy intake is similar to Orlistat, and the active compounds ellagic acid and tannic acid present in the extract decreases hyperlipidemia by inhibiting pancreatic lipase activity in vitro andincreasing fecal fat excretion 42 . Recent studies show that ellagic acid inhibits fatty acid synthase FAS and adipogenesis of 3T3-L1 adipocytes 43 . In fact they found a potently inhibition of FAS with half-inhibitory concentration values IC 50 of 4.1 μg/ml pomegranate husk extract , 4.2 μg/ml 4.50 μM punicalagin and 1.31 μg/ml 4.34 μM, ellagic acid , respectively. Many other studies have focused on the prevention of obesity by the different parts of pomegranate including leaf, flower and fruit extracts and their mechanism of action in animal models, however, there have not been many studies evaluating their safety in humans 44 .
Conclusion
In the present work, the composition of the essential oil from pomegranate peel was determined. The major compounds identified in this oil were the benzaldehyde and the camphor. In the second part of this work, our results show that various PP extracts possess high antioxidant activities. The ethanol and methanol extracts had significant antioxidant activities and free radical-scavenging activity followed by the water and acetone extracts. Concerning the effect of these extracts on pancreatic lipase, the methanol and the ethanol extracts displayed a marked inhibitory activity against PPL. Interestingly, this extract may be a resource of a potential antiobesity agent. However, further investigations are needed to clarify the compound structure and its inhibitory mechanism for potential pharmacological uses.
